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TEST FISHING I N  BRISTOL BAY, 1960-64 

Melvin C,  Seibel  
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Research Section 
Juneau, Alaska 

ABSTRACT 

Test f i sh ing  has been conducted i n  Br i s to l  Bay since 1960. Outside 
t e s t  f i shing i s  used i n  and beyond the  commercial f i sh ing  d i s t r i c t s  during 
closed f i sh ing  periods t o  provide the  managing agency with information regard- 
ing  timing, pa t te rn  of entry and general magnitude of sockeye runs t o  Br i s to l  
Bay. Inside t e s t  f i sh ing  is  conducted i n  the  r i ve r  mouths immediately above 
the  inner f i sh ing  boundaries znd i s  used t o  provide dai ly  estimates of sockeye 
which have passed through the  f ishery and can be counted a s  escapement, 
S t a t i s t i c a l  analysis  of pas t  data indicates  t h a t  a s ingle  regression l i n e  
(expressing daily escapement as  a function of dai ly  ins ide  t e s t  f i sh ing  indices) 
can be used fo r  the  four years of data on the Ugashik River and a s ing le  reg- 
ression l i n e  can be used f o r  the  two years of Egegik data. A s t a t i s t i c a l  t e s t  
r e j e c t s  the  use of a common regression l i n e  f o r  the  f i ve  years of Kvichak inside 
t e s t  f i sh ing  data. 

INTRODUCTION 

Test f i sh ing  has been conducted i n  Br i s to l  Bay by the  Division of 
Commercial Fisheries of the  Alaska Department of Fish and Game since 1960. 
Two di f fe ren t  types of t e s t  f i sh ing  methods have been u t i l i z e d  t o  provide 
information regarding the  salmon run a t  two dif ferent  stages, A) Outside 
t e s t  f i sh ing  is  conducted both i n  the  commercial f i shery area and f a r the r  out 
i n  the  bay t o  obtain information regarding time and pa t te rn  of entry of sockeye 
(Oncorhynchus nerka) i n t o  -the f i sh ing  d i s t r i c t s .  This a l so  provides some e s t i -  
mate of the  abundance of salmon i n  the  bay, This information, i n  combination 
with other information such as  predicted returns,  desired escapemenr goals, 
previous commercial catch, estimated escapement, e t c , ,  provides the  manage- 
ment biologis t  with a basis  fo r  opening, closing or extending the  commercial 
f i shing periods. In the  pas t ,  outside t e s t  f i shing has been conducted only 
during the  closed f ishing periods, as  it i s  Celt t h a t  when the  f i sh ing  f l e e t  
i s  operating, it provides suf f ic ien t  information regarding abundance and stage 
of the  run, B) Inside t e s t  f i sh ing  i s  conducted ins ide  the  mouths of the  
r i ve r s  and i s  used t o  provide a measure of abundance of the  salmon which have 
already passed throiigh the  commercial fisl-rery and are migrating up the  r i ve r s  
t o  spawn. Although counting towers s i t ua t ed  a t  the  heads of the  r i ve r s  pro- 
vide dai ly  escapement coun-iis? the  mir2atLon r a t e s  from the  commercial f i sh ing  
d i s t r i c t s  t o  the  counting towers may vary f r o m  2-14 days depending on the  s i z e  



of t he  run, the  r i v e r ,  e t c . ,  and hence some more immediate est imate of 
escapement i s  required f o r  managing the  f i shery .  

Both t he  outside and ins ide  t e s t  f i sh ing  have proved t o  be valuable 
f i she ry  management a ids  i n  B r i s t o l  Bay during the  pa s t  f i sh ing  season. 

METHODS 

A) Outside Test Fishing 

Commercial f i sh ing  d i s t r i c t s ,  t e s t  f i sh ing  areas  and counting tower 
locat ions  i n  B r i s t o l  Eay i n  1964 are,  shown i n  Figure 1. Outside t e s t  f i s h i n g  
was a l so  conducted during the  1962-63 seasons i n  the  Naknek-Kvichak d i s t r i c t ,  
however, it was first i n i t i a t e d  i n  the  Egegik and Nushagak d i s t r i c t s  i n  1964. 
Each of t h e  t e s t  f i s h i n g  d i s t r i c t s  i s  divided i n t o  subsections f o r  t e s t  f i sh -  
ing  purposes. Maps of the  Naknek-Kvichak, Egegik and Nushagak t e s t  f i sh ing  
areas  showing the  subsections a re  given i n  Figure 2,  3  and 4 respect ively.  

Test f i sh ing  is  conducted from commercial 32-foot g i l l  n e t t i ng  boats  
operated by commercial fishermen. Each t e s t  boat c a r r i e s  one o r  two observers 
from the  Alaska Department of Fish and Game. The degartment personnel- d i r ec t  
the  t e s t  f i s h i n g  operations with regard t o  Eisiiing area,  time f i shed,  etc .  
The boats  a re  equipped with shor t  wave radios  which are  used t o  t ransmit  t e s t  
Eishing operations with regard t o  f i sh ing  area ,  time f i shed,  e tc .  The boats  
a r e  equipped with shor t  wave radios  which a re  used t o  t ransmit  t e s t  f i sh ing  
data  t o  the  King Salmon or  Dillingham management o f f i ces ,  Vhen poss ib le ,  
t h i s  data is radioed i n  immediately a f t e r  each d r i f t  i s  completed, however 
atmospheric conditions prevent t h i s  a t  times- The value of t he  outside t e s t  
f i sh ing  data t o  management i s  increased according t o  the  r ap id i t y  with which 
it can be -transmitted. t o  the  management o f f i c e ,  This  i s  espec ia l ly  t r u e  dur- 
ing  the  peak of the  season which may l a s t  only severa l  days. 

Fishing gear  consis ts  of 50-150 fathoms of standard commercial g i l l -  
ne t  of 5-3/8 inch s t r e t c h  mesh, An attempt was made t o  s tandardize gear  a t  
LOO fathoms, however, during periods of very heavy salmon concentration, 
catches became too l a rge  r e su l t i ng  i n  a decrease of f u r t he r  t e s t  f i s h i n g  time 
(as t he  boat had t o  de l ive r  the  f i s h  t o  the  cannery) and mobility of t he  t e s t  
boat. I n  the l a rge r  Naknek-Kvichak d i s t r i c t  especia l ly ,  n o b i l i t y  i s  an 
important f a c to r ,  Tlnerefore, when large  numbers of f i s h  were present ,  t he  
gear  was r e s t r i c t e d  t o  50 fa-thoms t o  l i m i t  t he  catches. Similarly,  during 
periods of l i g h t  concentrations of sockeye, 150 fathoms of gear was used a s  
t h i s  allowed b e t t e r  f i sh ing  pa t t e rn s  f o r  the  ne t  a s  well  a s  allowing more 
f i sh ing  area  t o  be covered. 

Generally, f i sh ing  time per  d r i f t  was s e t  a t  30 minutes, however, 
during periods of heavy concentration of f i s h ,  t he  f i sh ing  time, a s  well  a s  
the  f i sh ing  gear ,  was decreased I n  an attempt t o  l i m i t  t he  t o t a l  catches. 
Ifhen few sa l i on  were present ,  the  a e t s  were f i shed  f o r  longer periods of time, 
allowing the  t i d e  t o  carry  the  boat and 3e.t across the  l a rge r  p a r t  of a sub- 
sect ion.  
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Special f i sh ing  pat terns  were developed i n  each of the  d i s t r i c t s  
depending on the  entry pat tern  of the  sockeye in to  the d i s t r i c t .  For example, 
i n  the  Naknek-Kvichak d i s t r i c t ,  the t e s t  boa-? would generally leave the  mouth 
of the  Naknek River, move down t o  Johnson H i l l ,  then t o  Low Point and f i n a l l y  
t o  Middle Bluff,  making d r i f t s  as it moved down the  bay. As i n  the  pas t ,  
Middle Bluff proved t o  be a mill ing area i n  1964 ,  therefore a f t e r  an attempt 
was made t o  deterwine whether the f i s h  were actual ly  moving up the  coast 
toward the  r i ve r s ,  the  t e s t  boat would then move across t o  the  west s ide  of 
the  bay, f i sh ing  the  Halfmoon Bay, Gravel Spi t ,  Salmon Flats ,  Graveyard and 
f i n a l l y  the  Naknek River area, A t  t h i s  time, the  t e s t  boat would e i t h e r  make 
another c i r c u i t  or  wait f o r  a period of time before it began f i sh ing  again. 

In addit ion t o  the standard - tes t  f i shing procedu~es ,  other studies are  
conducted from the outside t e s t  boats. In  1964 smaller mesh net  was used a t  
times i n  the  Naknek-Kvichak section t o  determine whether a l a rge  port ion of 
the  run was small 2-ocean f i s h  which were passing through the  standard 5-3/3 
inch net. In the outside Egegik d i s t r i c t  i n  1964, scaleswere col lected from 
f i s h  taken i n  each subsection. These scales  are presently being studied i n  an 
attempt t o  determine what percent of the  sockeye passing through the  Egegik 
d i s t r i c t  a re  actual ly  bound fo r  the  Naknek-Kvichalc system. 

B) Inside Test Fishing 

Locations of the  inside t e s t  f i sh ing  s i t e s  are a lso  shown i n  Figure 
1. The ins ide  t e s t  f i shing program was f i r s t  i n i t i a t e d  on the  Kvichak River 
i n  1960. The following year, i n  1961, it was extended t o  the  Ugashik River 
and i n  1962 the  Egegik River was included i n  the  program. 

The methods employed i n  inside t e s t  f i shing d i f f e r  somewhat from the  
outside t e s t  f i sh ing  methods. A s  mentioned iri the  introduction, ins ide  t e s t  
f i shing is conducted i n  the mouths of the above r ive r s ,  d i rec t ly  above the  
commercial f i shery inner boundaries. A t  t h i s  point ,  the sockeye have already 
passed through the  commercial f i shery and can be counted as  escapement, (Although 
several  small subsistence f i she r i e s  operate on the  r i ve r s  between the  commercial 
f i shery d i s t r i c t s  and the  counting towers, it is f e l t  t h a t  the  e f f ec t  of these 
subsistence f i she r i e s  does not warrant fu r ther  adjustment of the  t e s t  f i sh ing  
icdices) . 

In  an attempt t o  standardize the  inside t e s t  boat catches both within 
a given year and between dif ferent  years, a  s ingle  r e s t r i c t e d  f i sh ing  area i s  
designated f o r  each of the three  r ivers ,  Thus, fo r  a given r ive r ,  each indi-  
vidual d r i f t  i s  made i n  approximately the  same place. Commercial Br i s to l  Bay 
g i l l n e t t e r s ,  operated by two Department personnel per boat, are  used for  the  
ins ide  t e s t  fishing. Fishing gear i s  standardized a t  50 fathoms of 5-3/8 inch 
s t r e t ch  mesh g i l l n e t ,  Although f i sh ing  time per d r i f t  i s  theore t ica l ly  stzn- 
dardized a t  30 minutes, the  actual  f ishing t i n e  may be shorter  during periods 
of heavy concentration of sockeye, or longer i f  complications occur when the  
net  i s  being pulled illto the  boat, However, t o t a l  f i sh ing  time i s  usually i n  
the range of 15-45 minutes. 

A s  the migratory pa t te rn  of the Br i s to l  Bay sockeye moving in to  the  
r i v e r  mouths i s  usually dependent on the  t i d a l  conditions, t e s t  f i sh ing  i s  
conducted during approximately the  sane stage of the  t i d e  every day. This 



allows two periods of t e s t  f i sh ing  per  day with one or  two d r i f t s  made per 
period, hence 2-4 d r i f t s  are obtained each day. The t o t a l  data per day i s  
combined t o  form a s ingle  dai ly  t e s t  fislling index f o r  each r iver .  The ins ide  
t e s t  f i sh ing  data i s  transmitted a f t e r  each f i sh ing  period t o  t he  King Salmon 
management o f f i ce  via  short  wave radios i n s t a l l e d  i n  t h e  f i sh ing  boats o r  from 
t h e  more powerful cannery radios when necessary. 

I n  orde? t o  a r r ive  a t  a  quant i ta t ive  measure of the  f i sh ing  success 
of the  t e s t  boats, a  t e s t  f i sh ing  index was defined a s  follows: 

Index = 1000 x (Number of Salmon Caught] 
(No. of Fathoms of Gear) x (~inuGes Fished) 

(1) 

Thus the  index is  expressed i n  terms of " f i sh  per thousand fathom minutes". 
Multiplying the catch by 1000 merely adjus ts  the  index t o  a more reasonable 
magnitude f o r  computational purposes- A mean f i sh ing  time f o r  the  center of 
the  net  i s  given by the  formula: 

where 

Ti = time required t o  l e t  the  net  o u t ,  

T2 = time the  en t i r e  net  i s  f ished,  

T3 = time required t o  p u l l  the  ne t ,  

with time being expressed i n  minutes, 

Outside t e s t  f i sh ing  data i s  converted t o  a t e s t  f i sh ing  index f o r  
each d r i f t .  These indices general ly vary from 0 t o  200 f i s h  per thousand 
fathom minutes, A t  present,  no addi t ional  analysis  of the outside t e s t  f i sh -  
ing indices has been attempted. The primary use of these indices is  t o  pro- 
vide the  management b iologis t  with a general idea of 1) abundance of sockeye 
i n  or  near the  commercial f i shery  d i s t r i c t s ;  t h i s  consis ts  of both concentra- 
t i on  of f i s h  i n  a s ingle  area as  well  as  s ize  or  extent of the  schools of 
f i s h ,  2) areas i n  which the  f i s h  a re  encountered, and 3) possible movement of 
sockeye through the d i s t r i c t s  and toward the  r ivers .  No attempt i s  made t o  
quant i ta t ively  estimate the nuvber of sockeye i n  a commercial f i shery  d i s t r i c t  
a t  a  given time from the  outside t e s t  f i sh ing  indices. 

The remaining p a r t  of t h i s  sect ion w i l l  deal with analysis  of the  
pas t  ins ide  t e s t  f i sh ing  data and references t o  t e s t  f i sh ing  w i l l  be under- 
stood t o  r e f e r  t o  ins ide  t e s t  f i sh ing  unless s t a t e d  otherwise. 

Whereas a t e s t  f i sh ing  index i s  associated with each d r i f t  made by 
the  outside t e s t  boats, the  t o t a l  insidz t e s t  f i sh ing  data f o r  a  s ingle  day 



i s  grouped, i .e.  the  t o t a l  da i ly  catch and t o t a l  minutes f i shed  a re  used i n  
Equation (1) t o  obtain a da i ly  index f o r  each ~ i v e r .  Note t h a t  s ince f i sh ing  
gear  f o r  ins ide  t e s t  f i sh ing  i s  constant a t  50 fathoms, Equation (1) reduces 
t o  

Index = 20 x (No. of Salmon Caught) 
No. of Minutes Fished 

Past ins ide  t e s t  f i sh ing  indices  by day f o r  the  Kvichak, Egegik and 
Ugashik Rivers a re  given i n  Tables 1, 2 and 3 respect ive ly ,  In  addi t ion  t he  
da i ly  indices  and da i ly  escapement counts made a t  the counting towers a re  
graphed i n  Figures 1-1 to 1-11. These Figupes appeal- i n  the  index. Indices 
f o r  days not f i shed  (due t o  boat t rouble ,  etc.)  were obtained by determining 
t he  geometric mean of t he  indices  of t he  previous and Collowing days. Although 
an ins ide  t e s t  boat operated i n  the  Egegik River i n  1 9 6 2 ,  t he  f i sh ing  was 
bas ica l ly  e x p l ~ r a t o ~ y  ( fo r  de te r r~~ina t ion  of f i sh ing  s i t e ,  etc.)  and frequent  
f a i l u r e  of f i sh ing  equipment prevented obtaining consis tent  da i ly  indices.  

In order  t o  r e l a t e  the ins ide  t e s t  f i sh ing  indices  t o  t he  da i ly  
escapement counts, some allowance must be nade f o r  the  migration r a t e  of the 
salmon between the  f i sh ing  s i t e  and the  counting tower, On the  bas i s  of pa s t  
data,  it is  apparent t h a t  f i s h  i n  d i f f e r en t  s tages  of t h e  run have d i f f e r en t  
migration r a t e s ,  This i s  espec ia l ly  t r u e  of the  Ugashik River stoclc where t he  
sockeye from the  ea r l y  part of tho run migrate up t he  r i v e r  t o  a lagoon below 
the  counting tower and remain there f o r  a anuriiber of days before moving i n t o  
the  lake. However, it appears t h a t  Cish froln the  peak, and espec ia l ly  from 
the  l a t t e r  p a r t  of the  run, e i t h e r  spend l e s s  t i n e  i n  the  lagoon o r  move d i r -  
e c t l y  through the  lagoon and i n t o  the  lalte, Although these  seasonal d i f ferences  
i n  migration r a t e s  do occur, it i s  f e l t  t h a t  the  advantages i n  s t r a t i f y i n g  the  
data according t o  ea r ly ,  peak and l a t e  runs i s  o f f s e t  by the  disadvantage of 
small sample s i z e s  thus incurred, Therefore, an average seasonal migration 
r a t e  f o r  each r i v e r  i n  a given year i s  obtained i n  the  following manner. 

Let r i  = the  l i n e a r  cor re la t ion  coefficien-t- between t h e  da i ly  
f i s h i n g  indices  (independent variable)  and t he  da i ly  
tower counts (dependent variable)  assuming a migration 
r a t e  of i days. 

Then t he  average seasonal migration r a t e  i s  the  pos i t i ve  in teger  R such t h a t  

rR = Maximum ri 

i = O,,..,n 

where n i s  l a rge  enoug11 t o  assure -that t he  t r ue  seasonal average R l i e s  between 
0 and n. Figures 5, 6 and 7 show the  d i f f e r en t  values of r associa ted  with 
d i f f e r en t  migration r a t e s  for  each year of t e s t  f i sh ing  on t he  Kvichak, Egegik 
and Ugashik Rivers respec'cively, In  almost every case, t he  cor re la t ion  coef f i -  
c i en t  r increases  s t e ad i l y  t o  a maximuxi value rpL ( for  a migration r a t e  of R 
days) then decreases when l a rge r  migration r a t e s  a r e  allowed. I n  a l l  cases 
except two, the  cor re la t ion  coef f i c ien t s  ind ica te  highly s i gn i f i c an t  (i.e. 99% 
leve l )  l i n e a r  cor re la t ion  between t h e  t e s t  f i sh ing  indices  and t he  tower counts, 



Date - 
6/2 2 

2 3 
2 4 
2 5 
26 
27 
28 
29 
30 
7/1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
1 4  
35 
1 6  
17 
18 
19 
20 
2 1 
2 2 

TABLE 1. DAILY INSIDE TEST FISHING INDICES* 

Kvichak River ,  1 9  60-61+ 

Yaar  

Averages 66.2 9 .LC 65.8 74.7 46.7 

No, of days 
fished 26 

- 

* Index is expressed in fish p e r  thousand fathom minutes. 



Date - 
6 / 2  2  

23  
24 
25 
26 
2 7 
2 8  
2 9 
30 
7/1 

2 
3  
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

T L ~ L E  2. DAILY INSIDE TEST FISHING INDICES* 

Egegik River, 1 9  63  -64 

Year - 
1964 - 

Averages 

No. of days f ished 

* Index i s  expressed i n  f i s h  per thousand fathom minutes. 

1/ No t e s t  f i sh ing  indices were obtained for  these days. Hence the  - 
geometric mean of the  indices of the preceding and following days 
was used. 



TABLE 3 .  DAILY I N S I D E  TEST F I S H I N G  I N D I C E S *  

Ugashik River, 1961-64 

Year - 
Date 1 9  61  - - 1 9  6 2 - 1963 1 9  64 - 
6/2 2 6 -9 

Averages 86.6 109.1 77.1 112.2 

No. of days 
f i shed  23 

* Index is  expressed. i n  f i s h  per  thousand fa-thom minutes. 

1/ No t e s t  f i sh ing  indices  were obtained f o r  these days. Hence the - 
geometric mean of t he  indices  of the  preceding and following days 
was used. 



FIG, J 5. CORRELATION C O E F F I C I E N T S  BETWEEN ESCAPEL-MI' COUNTS AND T E S T  FISHING I N D I C E S  WITH D I F F E K ~ N T  
RATES OF MIGRATION ALLOWED (Kvichak River, 1960-64). 
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FIGURE 6. CORRELATION COEFFICIENTS BETfEEN ESCAPEMENT COUNTS AND TEST 
FISHING INDICES WITH DIFFERENT RPLTES OF MIGRATION ALLOWED 

Egegik R i v e r ,  1 9  63 -64 

R = average seasonal migration r a t e  
+.50r 

19 63 

3 
3 +.25- u 
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FIGURE 7 .  CORRELATION COEFFICIENTS BETWEEN ESCAPEMENT 
COUNTS AND TEST FILSHING INDICES WITH DIFFERENT 
RATES OF MIGRATION ALLOWED (Ugashik River 
1961-64)- 

Days Allowed fo r  Migration Rate 



The 1963 Egegik and 1962 Ugashik data indicate  only s ign i f ican t  ( i .e .  95% level)  
l i n e a r  corre la t ion between the two var iables ,  

Allowing R days ( t h i s  var ies  between r i v e r s  and years) f o r  the  sock- 
eye t o  t r a v e l  from the t e s t  f i sh ing  s i t e  t o  the  counting towers, l i n e a r  
regression equations a re  used t o  express -the dai ly  escapement counts a s  a 
function of the dai ly  t e s t  f i sh ing  indices. 

From F.igures 5 and 7 it i s  apparent t h a t  average migration r a t e s  
(as determined from the t e s t  f i sh ing  data) vary considerably from year t o  year 
f o r  the  Kvichak and Ugashik systems. Whereas the Kvichak migration r a t e s  vary 
from 2-7 days (with an average 4 day r a t e ) ,  the much shor ter  Ugashik River has 
indicated migration r a t e s  ranging from 2-11 days (with an average 7-t days). 
A s  mentioned above, t h i s  apparently slower migration r a t e  f o r  the  Ugashik 
sockeye i s  due t o  t he  f a c t  t ha t  the  f i s h  stop and congregate i n  the  l a rge  
lagoon below the  lake before moving up pas t  the counting tower. This i s  
apparent from Index Figures 1-8 t o  I-11tzrhich show dai ly  Ugashik tower counts 
f o r  1961-64. There i s  no zpparent build-up i n  escapement counts p r io r  t o  the  
period of peak counts. This a lso  poses problems i n  counting the  f i s h  a s  t he  
e n t i r e  peak may pass the  tower i n  one or  two days. 

It i s  in te res t ing  t o  note t h a t  i n  a p i l o t  tagging study on the  
Ugashik River i n  1964, Pennoyer and Seibel  (1965) found an average migration 
r a t e  of 9.6 days f o r  salmon tagged during the  peak of the  run. This compares 
favorably with the  8 day migration r a t e  indicated from the analys is  of the  
19 64 Ugashik t e s t  f i sh ing  data, 

One assumption tha'i: i s  not en t i r e ly  supported by t he  t e s t  f i sh ing  
data is t h a t  zero tes-r boat catches should r e s u l t  i n  zero escapement estimates. 
I n  l i n e a r  regression analysis ,  t h i s  assumption i s  equivalent t o  having the  
regression equation pass through the  origin.  I n  other words, i f  t h i s  assumption 
is s a t i s f i e d ,  then i n  t h e q u a t i o n  

where X = t e s t  f i sh ing  index i n  f i s h  per thousand fathom minutes, 
Y = estimated escapement i n  thousands of f i s h ,  and 

a,b = parameters t o  be determined, 

we would have a = 0, Thus Equa2ion (4) would reduce t o  

where b t  = parameter t o  be determined. 

Analysis of variance tab les  fo r  t e s t i ng  the  hypothesis, HA, t h a t  a 
difference does ex i s t  between. f i t t i n g  the  data with one- o r  two-parameter l i n e s ,  
are  given i n  Index Tables 1-1, X-.2 and I.-.3 fo r  the  Kvichak, Egegik and Ugashik 
r i v e r s  respectively,  The hypcthesis was re jec ted  fo r  the  Ugashik data and the  
1962 and 1963 Kvichak data, i,e, f o r  t h i s  date a l i n e  through the  or ig in  may 
be used. 

In Table q ,  both -<lie generd l i n e a r  regression equations, and i n  the  
cases where HA oras rejec-Led, rhz regressLon equations through the  or ig in  a re  
given fo r  t he  three  r i ve r s ,  



TABLE 4, REGRESSION EQUATIONS RELATING INSIDE TEST FISHING INDICES 
AND ESCAPEMENT COUNTS, Br i s t o l  Bay, 1960-64, 

Note: In  the  following equations X = t e s t  f i sh ing  index i n  f i s h  per  - 
thousand fathom minutes, 

Y = dai ly  tower counts i n  thousands 
of f i sh .  

General Regression Regression through o r ig in  Tota l  
System Year Equation where warranted Escapement - 
Kvichak R. 

1960 Y - 385.9 + 2,655 X 

1961-1964 Data Combined Y = 0,162 X 

1/ Egegik R.- 
1963 Y = 15-9 9 0,464 X 

19 63-19 64 
Data Combined Y = 20.8 + 0.407 X 

l/ Although ins ide  t e s t  f i sh ing  boats operated in t h e  Egegik River i n  1962, t h i s  - 
was bas ica l ly  an exploratory study and consis tent  dai ly  indices  were not 
obtained, 



Furthermore, f o r  the  Egegik and Ugashik data, the hypothesis, HB, 
t h a t  a common regression l i n e  can be used fo r  a l l  the  observations, was a l so  
tested.  The analysis  of covariance tab les  fo r  t e s t i ng  HB are given i n  Index 
Tables 1-4 and 1-5 f o r  the  Egegik and Ugashik data respectively. Iil both 
cases, the  F - s t a t i s t i c  used indicates  an ucception of HB, i.e. a corrunon regres- 
s ion l i n e  can be used f o r  each of the  systems. Therefore, the  Ugashilc data f o r  
1961-64 was grouped and the  1963-64 Egegilc data was grouped t o  determine a 
s ingle  regression l i n e  f o r  each system. These equations a r e  a l so  given i n  
Table 4. 

HB is  obviously re jected f o r  the  K-~ichak data, i , e .  a common regres- 
sion l i n e  should - not be used t o  f i t  the  grouped data, 

O f  t h e  three  r i ve r  systems on which t e s t  f i sh ing  i s  conducted, the  
ICvichak River exhibi ts  the  grea tes t  var ia t ions  i n  escapement size.  Since 1960, 
estimated escapements t o  the  Kvichak have ranged 2rom 338,000 t o  14,630,000. 
For the  same period, Ugaslr~ik escapements have varied from 255,000 t o  2,304,000 
while Egegik escapements have ranged from 702,000 t o  1,799,000. (For the  
periods of t e s t  f i sh ing  on thz Egegik an6 Ugashik r i ve r s ,  even smaller ranges 
of escapements have been experienced,) Becsuse of the  vary Large var ia t ions  
i n  escapement t o  the  Kvichak, it i s  only na tura l  t h a t  any subsequent predic- 
t ions  of escapement w i l l  a lso  exhlbit  appreciable var ia t ions  from the  t r u e  
values. This i s  especial ly t r ~ e  iiner~ the  escapements are predicted from the  
t e s t  f i shing indices which 30 not r e f l e c t  t h e  same large var ia t ions  as  the  
escapements, This proba3lq recu l t s  froril the  f a c t  t h a t  the  dai ly  t e s t  boat 
catches are  actual ly  l imited by the  f ishing gear, This i s  apparent from the  
ICvichak t e s t  f i sh ing  data as  the  1963 average daiLy t e s t  f i sh ing  index of  
74,7 f i s h  per  thousand f athoiri minutes r e ~ r e s  cnts the highest dai ly  average 
f o r  the  Kvichak. This i s  contrast  t o  the  f a c t  t h a t  the 1963 escapement of 
338,000 was the smallest escapement since 1960 when t e s t  f i sh ing  was i n i t i a t e d ,  

Whereas s t a t i s t i c a l  Pests indicate  t h a t  common regression l i n e s  can 
be used f o r  t he  Egegik and Ugashilc data, the  hypothesis HB i s  re jec ted  f o r  the  
Kvichak data. Furthermore, HB i s  rejectect fo r  the 1961 and 1962 ICvichak data 
which would not be expected as the  escapements f o r  these two years were of the 
same magnitude. It  should be noted however, 'chat the  1961 average dai ly  f i sh ing  
index of 8 - 5  f i s h  pep thousand fathom minutes was the  lowest average yearly 
index, while the 1951 escapement was the  second highest escapement since 1950. 
Although comparative escapements were a lso  obtaineC fo r  1963 and 1964 i n  the  
Kvichak, HB was a lso  re jected fo r  the data from these two years. Although we 
would expect differences t o  ex i s t  between the  regression equations f o r  years 
with vas t ly  d i f fe ren t  escapement s izes ,  f o r  years with escapements of the same 
magnitude we would expect the same regression equatron t o  f i t  a l l  of thc  data. 



The deviat ions of the  Kvichak data from these expected r e s u l t s  may 
be due t o  severa l  th ings ,  The most apparent explanations a r e  the  yearly d i f -  
ferences i n  1)  t e s t  f i sh ing  methods; t h i s  includes d i f ferences  i n  f i sh ing  area ,  
f i sh ing  time ( r e l a t i ve  t o  t i d a l  conditions) and ac tua l  inethods of f i sh ing  the  
ne t ,  and 2) migratory pa t t e rn s  of the  salmon. I-t may be t h a t  the  migratory 
pa t t e rn  of t he  f i s h  a f t e r  they en te r  the  r i v e r  i s  influenced by r i v e r  l eve l ,  
t u rb id i t y  of water, e t c ;  these  conditions may vary from year t o  year. Dif- 
f e ren t  s tocks of soclteye may a l so  u t i l i z e  d i f f e r en t  migration youtes. Thus, 
the  same r e l a t i v e  percentage of t he  escapement may not u t i l i z e  the  . test  f i s h -  
ing  area every year, This would account f o r  some of the  yearly va r ia t ions  i n  
the  regression equa-ticns r e l a t i n g  the  t e s t  f i sh ing  indices t o  t he  da i ly  escape- 
ment counts. Unfortunately i'i i s  d i f f i c u l t  20 rlua1rtitat2vely evalua-2e the  
e f fec t  of the  above differences on the  re la t ionship  between the  t e s t  f i sh ing  
indices  and t he  escapement counts. 

On the  ba s i s  of the Kvichak Rriver data,  i-i-  i s  apparent t h a t  year ly  
differences i n  regress ion coef f i c ien t s  (esgecia l ly  the  constant coef f i c ien t  a) 
r e s u l t  from differences i n  escapement s i z e s c  Another pyobable cause of these  
year ly  d i f ferences  can be aktribueed t o  ycarly va r ia t ions  i n  t he  s i z e  of the  
f i s h ,  Past s tud ies  have shown that the  5-3/'8 inch mesh g i l l  ne t  used on t he  
t e s t  boat i s  se lec t ive  t o  the  l a rge r  3-ocean f i s h  (as opposed Lo t h e  smaller 
2-ocean f i s h ) ,  i .e .  t h e  t e s t  f i sh ing  5s seiecl-ive towayti one s - t ~ a t a  of the  
population sampled, 

DISCUSSION - Use of Regression Equations f o r  Predict ing Daily Escapement 

A s  mentioned above, the  primary purpose of the  ins ide  t e s t  f i sh ing  
s tud ies  i s  t o  provide a method f o r  p red ic t ing  escapement a s  nearly a s  poss ib le  
a f t e r  the  salmon have passed through the  commercial f i she ry ,  These predic ted  
escapements a r e  then checked by a e r i a l  survey a f t e r  the  sockeye reach t he  c l e a r  
water por t ion  oE .the r i v e r  and f i n a l l y  the  more accurate tower counts a r e  
ob$ained. 

lzThen a l i n e a r  regression equation i s  used f o r  r e p e t i t i v e  p red ic t ion  
purposes, an average value of Y  TI t h i s  case thousands of f i s h  i n  the  escape- 
ment) f o r  given values Xo! X1, . . . , Xr of X ( t e s t  f i sh ing  index) i n  t he  range 
of app l i c ab i l i t y  of t h e  l l n e a r  regrezsion equation i s  obtained. The confidence 
i n t e r v a l  of estimate f o r  an average Yc value corresponding t o  some X, i s  given 
by 

where 

F i s  t he  value of the  F s t a t i s t i c  a t  the  1- c s igni f icance  l e v e l  
f o r  (2,  72-2) degrees of freedom. 

s:.x i s  the  unbiased estimate of t h e  variance of Y given X which i s  
given by the  formula 



Xc r e f e r s  t o  values of X i n  the  range of app l i c ab i l i t y  
of the  l i n e a r  regression equation. 

The term (Xc - 2) * i n  equation (1) w i l l  decrease when values of 
Xc a r e  used which approach t he  mean X. For these  values the  confidence l i m i t s  
fo r  predic ted  values of Y w i l l  become narrower.- A s  values of Xc a r e  used 
which a r e  f a r t h e r  from the  mean the  t e r n  (X, - X) * w i l l  increase and t he  con- 
fidence l i m i t s  f o r  predic ted  values of Y w i l l  become wider. 

The regression equakion used Zoi. predic t ion  does not necessar i ly  
have v a l i d i t y  over a l l  values and ext rapola t ion ,  i .e.  use of t he  l i n e  f o r  
p red ic t ion  outside -the range o:E da'ca i'i.orn dl icl l  the  l i n e  was compxted, may 
lead t o  highly erroneous r e su l t s .  

Egegik River 

On -the ba s i s  of avai lable  data  the  equation t o  be used foi. est imating 
escapement t o  t he  Egegilc River i s  

Furthermore, s ince predic t ion  i s  made a t  the  95% l e v e l  and we have n = 44, the  
confidence i n t e r v a l  f o r  values of  Y from Zquation (1) i s  given by 

where Xo i s  the  t e s t  f i sh ing  index of escaperne~t. 

Using Equation (2) t o  hindcas-t da i ly  escapements i n  1964 on t he  
bas i s  of da i l y  t e s t  f i sh ing  indices ,  we obtain an estimate of 805,000 spawning 
soclteye. This represents  a 5,3% e r r o r  from the  850,OCO salmon counted a t  t he  
towers. 

Ugashik River 

On t he  ba s i s  of avai lable  data the  equation t o  be used f o r  est imating 
escapement t o  the  Ugashik River i s  

The corresponding confidence i n t e r v a l  i s  given by 

Using Equation (3 )  t o  hindcast  da i ly  escapement t o  the  Ugashik River 
i n  1964 on the  ba s i s  of da i ly  t e s t  f i sh ing  indices,, we obtain an est imate of 
515,000 spawning socl;eye, This  represents  an 8.9% e r ro r  from the  Y73,000 f i s h  
counted a t  the  towers, 



Kvichak River 

Since s t a t i s t i c a l  analys is  r e j e c t s  the  hypothesis t h a t  a common 
regress ion l i n e  can be used f o r  th2 Kvichdc data,  a d i f f e r en t  approach f o r  
p red ic t ion  must be used. From the  f i v e  regression equations given i n  Table 4, 
i s  i s  apparent t h a t  the  constant coe f f i c i en t ,  a ,  exhiSi ts  the  g r ea t e s t  yearly 
var ia t ions .  Furt,hermore, it appears t h a t  these va r ia t ions  a re  due i n  l a rge  
p a r t  t o  t he  s i z e  of the  escapements. (Analysis ind ica tes  a highly s ign i f i can t  
pos i t ive  l i n e a r  cor re la t ion  between t he  escapement s i z e  and t he  constant 
coeff ic ient )  . 

An i n t u i t i v e  approach t o  p red ic t ion  of escapements from da i ly  t e s t  
f i sh ing  indices  on the  Kvichak would be t o  s t r a t i f y  escapement according t o  
s i z e  and group the  t e s t  f i sh ing  data accordingly, However, a t  present  the re  
is  i n su f f i c i en t  data t o  warrant t h i s  approach and avai lable  data does not 
j u s t i f y  t h i s  approach. 

For predic t ion  purposes i n  1965,  t h e  following method w i l l  be used. 
An esca2ement of approximately 8 mi l l ion  sockeye i s  expected i n  the  Kvichak 
River i n  1965, A s  no t e s t  f i sh ing  data  i s  avai lable  f o r  years with escape- 
ments i n  t h i s  range, the  predic t ions  from the  regression equations f o r  the  
years 1960 and 1962 w i l l  be averaged, Note t h a t  the  ar i thmet ic  mean of t h e  
escapements f o r  1960 and 1962 i s  8.6 mi l l ion ,  Thus, the  regression equation 
w i l l  be 

Confidence i n t e r v a l s  given by Equation (1) can yJ be used f o r  e s t i -  
mates of Y from Equation (4) a s  s tandard  regression methods were not used t o  
derive Equation (4)" 

Assuming t h a t  t e s t  boat catches on the  Kvichak River i n  1965 w i l l  
be s imi la r  t o  those i n  1960, and ca lcu la t ing  the  predic ted  escapement i n  1965 
by subs t i t u t i ng  t he  1960 data i n  Equation (4) we ~ b t a i n  an estimate of approxi- 
mately 8.6 mi l l ion  sockeye. 

It should be s t r e s s ed  again  t h a t  estimated da i ly  escapements based 
on Equation ( 3 )  should be used caut ious ly ,  especi.ally s ince predic t ions  a r e  
heing made i n  a range f o r  which no data  i s  avai lable.  The use of Equation (4) 
i s  considered only a s  opposed t o  ~ o t  u t i l i z i n g  pa s t  t e s t  f i sh ing  data  a t  a l l ,  
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FIGURE I- 1, D x ~ y  ESCAPEME?;\TT 2 g:;"j?~ A N D  TEST FISHING INDICES WITH 
FOUR DM.'S ALLOVJED FOR 'ZRAT~'EL BETVJL'EN TEST FISHING SITE 
A N E  COLTNUKG TOWER 

Kvichak River ,  1960 



FIGURE 1 - 2 .  DAILY ESCAPEMENT COUKTS AKD TEST FISHING INDICES WITH 
THREE DAYS ALLOWED FOR TRAVEL BETWEEN TEST FISHING SITE 
AND COUNTING TOWER 



FIGURE 1-3. DAILY ESCAPEMENT C O U N T S  AND TEST FISHING INDICES N T H  
FOUR DAYS ALLOWED FOR TRAVEL BETWEEN TEST FISHING SITE 
AND COUNTING TOWER 



FIGURE 1 - 4 ,  DAILY ESCAPEMENT C O U N T S  AND TEST FISHING I N D I C E S  WITH 
TWO DAYS ALLOW-ED FOR TRAVEL BETWEEN TEST FISHING SITE 
A N D  C O U N T I N G  TOTTER 



FIGURE 1-5. DAILY ESCAPEMEhT ,OUKTS A:JTi TEST FISHING INDICES ?I?TH 
SEVEN DAYS FOR I R A E L  6ETj 'EEN TEST FISHING SITE 
AND C OUNTiNG TOy?brER 



FIGURE 1-6.  DAILY ESCAPEMENT CC - -.. - 3UMTS AND TEST FISHING INDICES WITH 
SEVEN DAYS ALLOWED FOR TRAVEL BETINEEN TEST FISHING SITE 

- - ---- 
AND COUNTING TOWER 



FIGURE 1-7. DAILY ESCAPEMENT COUNTS PND TEST FISHING INDICES WITH 
SIX DAYS ALLOW-ED FOR TRAVEL BETWEEN TEST FISHING SITE AND 
COUNTING TONER 



FIGURE I- 8. DAILY ESCPPEMENT COUNTS AND TEST FISHING INDICES WlTH 
TWO DAYS ALLOWANCE FOR TLWVEL BETWEEN TEST FISHING SITE 
AND COUNTING TOWER 



FIGURE 1-9. DAILY ESCAPEMENT COUNTS AND TEST F I S H I N G  I N D I C E S  WITH 
EIGHT DAYS A I c 3 W n N C E  TOR TFV.VEIJ EETihrEEN TEST F I S H I N G  
STTE A N D  C O U N T I N G  TGWER 
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FIGURE I- 10 .  DAILY ESCAPEMENT C O U N T S  AND TEST FISHING INDICES WITH 
ELEVEN DAYS ALLOWANCE FOR TRAVEL B E r N E E N  TEST FISHING 
SI'TE AND COUNTING TOWER 



FIGURE I- 11. D.XLY ESCAPEMENT COUNTS AND TEST FISHING INDICES WITH 
EIGHT DAYS ALLOWANCE TOR TRAVEL BETWEEN TEST FISHING 
SITE AND COUNTING TOWER 



TABLE 1-1. ANALYSIS OF VARIANCE TABLE, TEST OF HYPOTHESIS HA: 
A d i f f e rence  i n  f i t  does e x i s t  between one- and 
two-parameter l i n e s .  I(vichalc River Ins ide  Tes t  
Fishing and Tower Count Data, 1960-64. 

1960 -- 
Source of Var i a t ion  

Degrees of Mean Swn 
Sum of Squares Freedom of Squares 

Deviation from one parameter l i n e  6,0J.3,958 2 5 2%0,758 

Deviation from two pa ra r~ l e t e~  l i n e  3,623,590 24 151,19 1 

Difference: At t r ibu ted  t o  2,390,368 
ment i n  f i t  of two-parameter l i n e  
over one-parameter l i n e  

2,390,368 
F = 151,1131 = 15.8 with d.f. (1.24) 

Accept HA 

Deviation from one parameter l i n e  469,895 3 1  15,158 

Deviation from two parameter l i n e  355,066 30 11,836 

Difference 114,829 1 114,829 

F = 114y829 = 9.7 wi th  d.f. (1,30) 
11,836 Accept HA 

Deviation from one parameter l i n e  272,532 2 3 11,849 

Deviation from two parameter l i n e  268,819 2 2 12,219 

Difference 3,713 1 3,713 

F = 3,713 = 0.3 with d.f. (1,22) 
12,219 RejectH* 

Deviation from one parameter l i n e  1,898 2 2 86 

Deviation from two parameter l i n e  1,732 21 82 

Difference 16 6 1 16 6 

F = -  166 = 2.O with d.f. (1,21) 
82 Rejec t  HA 



19 64 - Degrees of Mean Sum 
Source of Variation Sum of Squares Freedom of Squares 

Deviation from one parameter l i n e  26,201 2 5 1,048 

Deviation from two parameter l i n e  20,974 2 4 874 

Difference 5,227 1 5,227 

F = s 5 2 2 7  = 6.0 with d.f. (1,24) 
874 Accept HA 

Note: In the  above tab les ,  r e jec t ion  of HA is  equivalent t o  accepting the  
hypothesis t h a t  regression through the  o r ig in  provides an equally 
good flt as when general regression i s  used. 



TABLE 1-2.  ANALYSIS OF VARIANCE TABLE, TEST OF HYPOTHESIS H A :  
There is a difference i n  f i t  between the  one- and 
two-parameter l ines .  Egegik River Test Fishing and 
Tower Count Data, 1963-64. 

Degrees of MeanSum 
Source of Variance Sun! of Sqxares Freedom of S w a r e  s 

Deviation from one parameter l i n e  52,437 2 1 2,497 

Deviation from two parameter l i n e  49,575 2 0 2,479 

Difference: Attr ibuted t o  improve- 2,862 
ment i n  f i t  of two-parameter l i n e  
over one-p arameter l i n e  

F = = 1 .2  with d.f. (1,2C) 
2,479 Reject HA 

Deviation from one parameter l i n e  47,358 2 1  2,255 

Deviation from two parameter l i n e  37,361 20 1,868 

Difference 

F =. 93997  = 5.4 with d.f. (1,20) 
1,868 

Accept HA 



TABLE 1-3. ANALYSIS OF VARIANCE TABLE, TEST OF HYPOTHESIS HA: 
A difference i n  f i t  does ex i s t  between the one- 

. and two-parameter l ines .  Ugashik River Test Fishing 
and Tower Count Data, 1961-64. 

19 61 - Degrees of Mean Sum 
Source of Variance S m  of Squares Freedom of Squares 

Deviation from one parameter l i n e  4,977 16 3 11 

Deviation from two parameter l i n e  4,835 15 3 22 

Difference: Attr ibuted t o  improve- 142 
ment i n  f i t  of two-parameter l i n e  
over one -p aramet e r  l i n e  

14 2 F = - = 0.4 with d.E. (1,15) 
3 2 2  Reject HA 

Deviation from one parameter l i n e  l4,9 LLO 24 6 2 2 

Deviatior!. from two parameter l i n e  13,974 23 608 

Difference 966 1 966 

F = -  966 = 1..G with d.f. (1,23) 
'08 Reject HA 

1963 - 
Deviation from one parame-ter l i n e  2 2,804 

Deviation from two parameter l i n e  21,306 2 1  1,015 

Difference l ,Y98  1 1,498 

F .- 1y4g8 = 1.5 with d.f. (1,21) 
' s o l 5  RcjectHA 

1964 - 
Deviation from one parameter l i n e  6,162 

Deviation from two parameter l i n e  6,069 19  3 19 

Difference 9 3 1 9 3 

3'1 F = - -  - 0.3 with d-f .  (1,19) 
319 RejectHA 



TABLE 1-4. ANALYSIS OF COVARIANCE TABLE, EGEGIX INSIDE TEST FISHING 
DATA, 1963-64. 

Source of  Var i a t ion  
Degree of  Nean Sum 

Sum of Squares Freedom of S m a r e s  

Due t o  common reg res s ion  4,839 6 806 

Deviations from i n d i v i d u a l  l i n e s  46,549 7 8 597 

Deviations from common reg res s ion  53,388 
l i n e  

8@6 F = - = 1-35  with d- f .  (6,78) 
59 7 

TABLE 1-5. ANALYSIS OF COVARINlCE TABLE, UGASHIK INSIDE TEST FISHING 
DATA, 1961-64. 

Source of Var i a t ion  
Degree of Mean Sum 

Sum of Squares Freedom of  Squares 

Due t o  common reg res s ion  58G 2 29 3 

Deviations from i n d i v i d u a l  l i n e s  87,209 40 2,180 

Deviations from common reg res s ion  87,735 
Lines 

293 F = - =  
2,180 0.13 with 6.f. (2,40) 
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